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Within the holographic cosmology paradigm, specifically the model of McFadden and Skenderis,
but more generally than that, the cosmological constant is found to naturally flow from a large
value, to a small value, which can even be as low as the needed ∼ 10−120 times the original, along
with the dual RG flow. Within this context then, the cosmological constant problem is mapped to
a simple quantum field theory property, even though the exact mechanism for it in gravity is still
obscure. I consider several examples of gravity duals to explain the mechanism.
PACS numbers:
I. INTRODUCTION
In cosmology, the ΛCDM model with inflation has be-
come a sort of standard model of cosmology, and exper-
imentally, the measured acceleration of the Universe im-
plies that Λ is at least approximately constant in time,
more like a cosmological constant than a quintessence.
Inflation also implies that at the beginning of the Uni-
verse, the potential energy was approximately constant
for a period of time, within the effective field theory ap-
proach. In this paradigm however, we have the cosmolog-
ical constant problem: the effective field theory approach
means that one should be able to compute a vacuum en-
ergy perturbatively and, even in a supersymmetric model
with low energy breaking of supersymmetry, this would
generate an energy density of the order of the cut-off
scale (the susy breaking scale in the supersymmetric sce-
nario), which would gravitate, and drastically over-close
the Universe, being many orders of magnitude above the
observed value today. This would suggest that perhaps
there is something wrong with the intersection of pertur-
bative quantum field theory and gravity, which doesn’t
allow us to solve the problem.
But over the last 10 years or so, there is a new and
larger paradigm, including inflation, that could in prin-
ciple address this problem: that of holographic cosmol-
ogy. Holographic cosmology as a general strategy was
defined in [1], based on the proposed relation between
the wave function of the Universe in cosmology with
a given boundary value φ for the fields, Ψ[φ], and the
partition function on the boundary with source φ, Z[φ],
as Ψ[φ] = Z[φ]. A concrete proposal for such a holo-
graphic correspondence between cosmology and a field
theory was only developed in [2] (there were other at-
tempted constructions, like for instance the top-down
one in [3, 4], based on the earlier [5], but they are not
so well developed, or general). In the model, a holo-
graphic computation, based on the methods of [6–8], re-
lates the correlators of fluctuations of hij observed in the
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sky, 〈δhijδhkl〉, with boundary correlators 〈TijTkl〉, in a
super-renormalizable 2+1 dimensional field theory with
”generalized conformal symmetry”. The holographic cal-
culation is equivalent with a derivation from Maldacena’s
Ψ[φ] = Z[φ] ansatz above [9]. Since the ansatz was origi-
nally meant for inflation, one can see that the holographic
cosmology paradigm of [2] includes inflation. The spe-
cific new model considered from this paradigm is a phe-
nomenological approach, writing the most general 2+1
dimensional field theory of SU(N) gauge fields, scalars
and fermions consistent with the symmetries, and consid-
ered in perturbation theory, so that the dual cosmological
theory would be non-perturbative, and not addressable
by standard methods. This model is thus continuously
connected with inflation, but different from it, and with
different predictions. In two remarkable papers [9, 10],
it was further shown that the new model, although pre-
dicting different functional forms for the power spectra
of the CMBR, is experimentally as good as ΛCDM with
inflation: in a Bayesian approach, fitting the data against
the predictions of the two models gives results with one
sigma of each other: the difference in χ2’s, which are of
the order of 850, is of about 0.5. Moreover, in work to be
published soon [11, 12], it is found that the holographic
cosmology paradigm also solves the usual pre-inflationary
problems with cosmology as well as inflation.
It is then a natural question to ask: can one solve,
or at least map holographically to a solved problem, the
cosmological constant problem within holographic cos-
mology? In this paper, I will give an answer in the af-
firmative, and show that there is a natural flow in the
potential energy, going along with the RG flow, between
a large energy, corresponding to the analog of inflation,
until a small energy, corresponding to the dark energy
today, and that the huge relative factor, of about 10−120,
can be naturally obtained in field theory.
The paper is organized as follows. In section 2 I present
the main argument of the paper, that the cosmological
constant is defined by the RG flow in 2+1 dimensions,
based on the general principles of holographic cosmology.
In section 3 I give examples of holographic duals, building
up to the result for the relevant cosmology, and show
that they are consistent with the proposed principle. In
2section 4 I conclude.
II. FIELD THEORY DUAL TO THE
COSMOLOGICAL CONSTANT, AND ITS
FLOWING
Within the holographic cosmology paradigm, a cosmol-
ogy with a scale parameter dependence a(t) and a scalar
field φ(t) is Wick rotated to a ”domain wall” background,
ds2 = dr2 + a(r)2d~x2 , φ = φ(r) , (1)
i.e., we have a ”domain wall/cosmology correspondence”,
which is considered to be the gravity dual to a phe-
nomenological Euclidean 3 dimensional field theory via
usual holography. The field theory contains SU(N) ad-
joint fields, scalars φI and fermions ψK , and has the prop-
erty of ”generalized conformal structure”, meaning that
we can rescale fields and couplings such that the only di-
mensionful coupling is the overall gauge coupling factor
1/g2. Then one can show that quantum corrections or-
ganize themselves in terms of the dimensionless effective
coupling
g2eff =
g2N
q
, (2)
where q is the momentum scale. One can calculate field
theory quantities in perturbation theory, like Tij correla-
tors, which will give log-corrected polynomials in g2eff , as
usual, and then relate these quantities holographically to
cosmological quantities (like hij correlators in the case of
Tij).
The RG flow of the 3 dimensional field theory is thus
dominated by the dependence on q of g2eff . In [11, 12]
it was found that the same RG flow gives a dilution ef-
fect, responsible for solving the monopole, flatness, and
smoothness and horizon problems of pre-inflationary cos-
mology. It is then natural to ask whether the same effect
cannot also solve the cosmological constant problem?
In order to answer that, we would need to find the
field theory quantity that corresponds to the quantum
cosmological constant, or more precisely the (gravitat-
ing) one-loop quantum corrections for matter. Normally,
these would be α′ string corrections to the gravitational
theory.
Considering the best understood example as a first try,
of N = 4 SYM vs. string theory in AdS5 × S5, we have
1
λ
=
1
g2YMN
=
α′2
R4
∼ α′2R2 ⇒ α′R ∼ 1√
λ
, (3)
where R is the radius of S5 and of AdS5, and R is the
Ricci scalar.
In holographic cosmology, gravity has an (approxi-
mate) cosmological constant (at least in the extreme UV,
for the beginning of inflation, and in the extreme IR, for
the far future) and/or scalar potential, so we consider
Sgravity =
M2Pl
2
∫
d4x(R + 2Λ) , (4)
to which we add the matter action. Then the Einstein
equations
Rµν − 1
2
gµνR = Λgµν + 8πGNTµν (5)
imply for the trace in d spacetime dimensions
2− d
2
R = dΛ + 8πGNT. (6)
As a consequence, in this simple case, we can write
Λ
M2Pl
.
R
M2Pl
∼ 1√
λ
. (7)
But in the case of usual holographic cosmology things
are more complicated. First of all, in terms of the back-
ground solution, the large time region, when the Uni-
verse is large, corresponds to the UV of the field theory,
q → ∞, in which case the field theory is perturbative.
Since holographic cosmology is considered mostly as a
replacement for inflation, mostly tested through its im-
print on the CMBR, we note that the nonperturbative
regime for the CMBR was found in [9, 10] to correspond
to modes l . 30, which were the earliest CMBR modes
to be created during inflation. The modes created later
are perturbative.
On the other hand, the large time region has small R
and Λ, and the q → ∞ region corresponds to g2eff → 0,
so we can only have R/M2Pl ∼ (geff)p, with p > 0, unlike
the p = −1/2 obtained for N = 4 SYM. We will in fact
check that this is the case in the next section.
Assuming this behaviour, we obtain
Λ
M2Pl
.
(
g2N
q
)p
, (8)
and this means that we obtain the natural flowing of the
cosmological constant from a high one during inflation to
a low one today simply as a consequence of the dimen-
sional RG flow in field theory. And the large suppression
factor of 10−120 is simply due to a similarly large flowing
in scales q, necessary to come from inflationary times to
now. In this case, we have assumed that q ∝ tr, with
r > 0, so that UV in field theory corresponds to late
times in cosmology.
We can state this fact as a principle, the principle that
the quantum cosmological constant, for a 3+1 dimen-
sional quantum gravity theory in a FLRW cosmology, is
holographically related to the evolution of the dual 2+1
dimensional scale in quantum field theory: low Λ corre-
sponds to high q, which in turn means low g2eff .
In the following section we try to check if this is true
through examples.
III. EXAMPLES OF GRAVITY DUALS
Holographic dual of Dp˜-branes
3The simplest example, and one on which the construc-
tion of [2] is based, is of the holographic dual derived
from (non-conformal, so p˜ 6= 3) Dp˜-branes in 10 dimen-
sions, defined in [13]. In this case, the effective coupling
is g2eff = g
2
YMNU
p˜−3, where U = r/α′ corresponds to the
momentum scale, q of the previous section, so perturba-
tion theory, g2eff ≪ 1, means that U ≫ (g2YMN)1/(3−p˜)
for p˜ < 3 and U ≪ 1/(g2YMN)1/(p˜−3) for p˜ > 3.
The extremal Dp˜-brane solution is
ds2 = f
−1/2
p˜ dx
2
|| + f
1/2
p˜ dx
2
⊥
e−2(φ−φ∞) = f
p˜−3
2
p˜
α′2fp˜ = α
′2 +
dp˜g
2
YMN
U7−p˜
, (9)
which leads, for p˜ = 2, to
eφ ∼
(
g2YMN
U
)5/4
1
N
ds2
α′
≃ U2
√
U3−p˜
g2YMNdp˜
dx2|| +
√
g2YMNdp˜
U3−p˜
dU2
U2
+
√
g2YMNdp˜
U3−p˜
dΩ28−p˜
=
U2
R2
dx2|| +R
2 dU
2
U2
+R2dΩ28−p˜ ⇒
α′R ∼ 1√
λeff
∼
√
U3−p˜
g2YMN
→
√
U
g2YMN
. (10)
The validity of supergravity conditions in the p˜ = 2
(D2-brane) case, relevant for the holographic cosmology
construction (the field theory is 2+1 dimensional) are
eφ ≪ 1 and α′R ≪ 1, which give λeff ≪ 1 and N ≫ 1,
or more precisely
1≪ g2eff ≪ N
4
7−p˜ → N4/5 ⇒
g2YMN
1/5 ≪ U ≪ g2YMN. (11)
For g2YMN ≪ U (at the largest U), the gravity solution
is not valid, and perturbative SYM (with
g2Y MN
U ≪ 1) is
to be used instead.
Note however that in this case, if we were to redefine
coordinates of this string frame solution to put it in the
FLRW cosmology form (which is of course not what one
is instructed to do, the Einstein frame cosmology is what
really matters),
ds2 = U
7−p˜
2 dx2|| +
dU2
U
7−p˜
2
= dt2 + a2(t)dx2|| , (12)
we would obtain
t ∼ U p˜−34 , a(t) ∼ t 7−p˜p˜−3 . (13)
Specifically, for the relevant case of p˜ = 2, we would
obtain
t ∼ U−1/4 , a(t) ∼ t−5 , (14)
so large time t means small U , but it also means small
a(t). That means that there is no contradiction with the
holographic cosmology analysis from the previous sec-
tion, just that now, from the point of view of this string
frame FLRW metric, we have a contracting phase. Then
large time corresponds to the IR of the field theory (ap-
parently the opposite of our analysis), but only because
it is also the place where the Universe shrinks to zero
size. Then the correct statement is that the IR of the
field theory corresponds to the small (spatial) Universe
region, and is the same as in our analysis. In this string
frame, we would obtain
ΛS
M2Pl
.
RS
M2Pl
∝ U1/2 ∝ 1
t2
∝ a(t)2/5 , (15)
which contradicts the behaviour with U (= q) proposed,
but not with t. We can therefore safely consider it to be
an artifact of the strange contracting Universe.
But moreover, what we should have been analyzing is
the Einstein frame FLRW cosmology. In Einstein frame,
RE ∼ eφ/2RS + ... ∼ λ
1/8
eff√
N
=
1√
N
(
g2N
U
)1/8
⇒
ΛE
M2Pl
.
RE
M2Pl
∝
(
g2N
U
)1/8
, (16)
in other words, p = 1/8. And then, in this case, in
Einstein frame and after KK reduction on the sphere,
one obtains correctly expanding FLRW cosmology with
a(t) ∝ t7 [14] (and t increasing exponentially with U).
Of course, as we saw, the late time (large t, i.e., large U)
cosmology in this case is described by perturbative SYM,
which means that in this case, in order to describe the
real world, the theory would have to somehow transition
further into a gravitational description, like the one we
have in the Universe (at the very least) after Big Bang
Nucleosynthesis, or after reheating, in the inflationary
paradigm. But we can put this unusual feature down
to the strange behaviour in string frame. There is still
the issue of what does it mean for the field theory to
have a drop of ∼ 10−120 in Λ from the Planck scale to
today. Assuming a radiation dominated (R.D.) Universe,
as it is true for most of its evolution, since Λ ∝ H2 ∝
a(t)−4 ∝ T 4, that amounts to a drop in temperature T
from TPl ∼ 1019GeV to about 10meV (a factor of 10−30).
Since we don’t have a model for the transition to the
standard R.D. Universe, we can only argue about the
holographic cosmology period, which for the D2-brane
model gives U ∝ a(t)s ∝ T−s, with s = 4/5. In the
R.D. Universe, we expect a different value for s, but still
∼ O(1). Then the drop in T by 10−30 means an increase
in energy U , along the inverse RG flow, by a factor of
1024. Since the dual field theory has no cut-off (there
is no Planck scale for gravity to cut off the increase in
energy), this is not unreasonable.
Compactified NS5-branes
The next, more relevant, case is the holographic dual of
a N = 1∗ theory, for which the minimal supersymmetry
4implies a running coupling constant and RG flow already
in 3+1 dimensions. That case (NS5-branes compactified
on S2 with a twist) was studied in [15], however, I will
not review it here, and move directly on to the similar
2+1 case (NS5-branes compactified on S3 with a twist),
relevant for our purposes, defined in [16]. The gravity
dual solution is not defined analytically throughout all
values for the radial coordinate, but only at the extremes
(UV and IR).
In this case, in the UV of the solution (corresponding
to late time cosmology), where ρ→∞, we have
gs,eff = e
φ ∼ e−ρ → 0 , (17)
meaning that the solution has no string corrections. But
also, in Einstein frame,
α′RE ∼ √gs ≪ 1 , (18)
and moreover also in string frame, we have
α′RS ∼ 1
NR2(ρ)
∼ 1
Nρ
→ 0. (19)
Since we have
ds2E ∼ e−φ/2dx22+1 + ...⇒ ds2S ∼ dx22+1 + ... , (20)
we obtain
α′RS ≪ 1 , RE
M2Pl
∼ e
φ/2
M2Pl
≪ 1 , (21)
because eφ ≪ 1 (gs ≪ 1).
Thus we have simultaneously, (gs ≪ 1, α′RS ≪ 1), or
RE/M2Pl ≪ 1. Either way, string corrections to the ge-
ometry are small in the UV of the solution, corresponding
to the late time cosmology. More importantly, according
to our analysis, since gs,eff → 0 as well as RM2
Pl
→ 0, we
must also have, in both frames,
R
M2Pl
∼ (g2eff)p ⇒
Λ
M2Pl
.
(
g2N
q
)p
, p > 0 , (22)
as advertised. We see that eliminating the unphysical
“contracting Universe” in string frame from the previous
example leads to a behaviour fully consistent with what
we wanted. However, in this case, the UV of the field the-
ory is not quite the free SYM, since we have also the KK
modes on the S3 on which the NS5-branes are wrapped,
so the analysis is more complicated. But that was to be
expected, since there is no known gravity dual to pure
N = 1 SYM.
Generic holographic cosmology
We finally consider the generic case of a FLRW cos-
mology gravity dual, with metric
ds2 = −dt2 + a2(t)d~x2. (23)
It is to be understood in the sense of the phenomenolog-
ical approach of [2], though a specific “top-down” imple-
mentation, with a correct continuation into the current
gravitational cosmology, could also be imagined in prin-
ciple.
Then the Ricci scalar is
R = 6 a¨
a
+ 6
a˙2
a2
. (24)
In the AdS case, when a(t) ∼ ekt, we get R = 6k2, inde-
pendent of t.
But for a power law cosmology, a(t) ∼ tn, as we are
most interested in, we obtain the Ricci scalar
R = n(2n− 1)
t2
∝ 1
[a(t)]2/n
∝ 1
q2r
⇒
Λ
M2Pl
.
C
qp
, (25)
if the field theory scale q is related to holographic time
by t ∼ qr, with r > 0, where C is a constant. But as
we saw from the previous example of the N = 1∗ SYM
theory in 2+1 dimensions, and to the Einstein frame for
D2-branes, the UV of the theory (large q) corresponds
to large times t for an expanding cosmology, so indeed
p = 2r > 0.
Note that in the Dp˜-brane case in string frame we still
get α′R ∝ 1/t2, just that now this is also ∝ U 3−p˜2 and
∝ 1/√g2YMN , as was found by [13], and we can now
check.
IV. CONCLUSIONS
In this paper, I have shown that within the general
holographic cosmology framework, where a 4 dimensional
cosmology has the time direction reinterpreted, via a
Wick rotation (domain wall/cosmology correspondence)
as a radial holographic direction, mapping to a 2+1 di-
mensional field theory, the evolution of the approximate
cosmological constant from a very large one during in-
flation, or its nongeometric analog, to a very small one
(dark energy) now, is dual to the evolution with the RG
scale q of the field theory. The relation one obtains is of
the type Λ
M2
Pl
.
(
g2N
q
)p
, with p > 0.
I have shown that in the Dp˜-brane holographic dual
(specifically for p˜ = 2) case, the Einstein frame behaviour
is correct, and while the string frame one seems to go the
opposite way, it is only because the related ”cosmology”
is contracting. The more relevant case of theN = 1∗ dual
in 2+1 dimensions in [16] is consistent with the analysis,
and a general holographic cosmology shares the features
proposed.
Of course, I have not solved the cosmological constant
problem in gravity, I have only mapped it via holography
to an understood problem in field theory.
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